We studied the penetration of ampicillin-sulbactam in the alveolar lining fluid (ALF) of eight patients after intravenous administration of 2,000 mg of ampicillin and 1,000 mg of sulbactam three times daily over 30 min. Bronchoalveolar lavage was performed on day 3, 30 min after the end of the morning drug administration. The mean penetration ratios (i.e., the ratios of the concentrations in ALF versus those in serum) were 53% (standard error, 12%) and 611% (standard error 31%) for ampicillin and sulbactam, respectively. The concentration ratio of ampicilin versus sulbactam in serum was not significantly different from that in ALF. From a pharmacokinetic point of view, ampicillin-sulbactam is a good choice for treatment of infectious exacerbation of chronic obstructive pulmonary disease and community-acquired bacterial pneumonia, since the concentrations of both drugs in ALF exceed the MICs for the respiratory pathogens responsible.
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The clinical outcome of bacterial lower respiratory tract infections is a function of two, main factors: the efficacy of the host defense mechanisms and institution of appropriate antimicrobial therapy. The antimicrobial drug concentration at the site of infection is supposed to be a determinative element for effective antimicrobial therapy (2) . This concentration should equal or exceed the MIC for the respiratory pathogen responsible (3, 17, 22) . The final bioactive antibiotic concentrations in the bronchial wall and in secretions and in the alveolar lining fluid (ALF), which are the sites of infection in the lower respiratory tract, are the results of a complex and dynamic process (1, 2, 14) .
We evaluated the pharmacokinetic behavior of parenterally administered ampicillin-sulbactam in serum and studied the disposition of both drugs in ALF by using the bronchoalveolar lavage (BAL) technique. BAL has been used to study the chemical compositions of ALF in both normal and pathologic situations, such as interstitial lung disease and asthma. With this technique, the concentrations of immunoglobulins, complement components, surfactant, a2-macroglobulin, ao-antitrypsin, and several mediators have been determined (8, 28) . Only a few studies have used BAL for evaluation of the concentrations of drugs such as corticosteroids and antibiotics in ALF (5-7).
Sulbactam is a semisynthetic P-lactamase inhibitor (10, 20) . In combination with ampicillin, it restores and extends the antibacterial activity of ampicillin to include some ,Blactamase-producing strains of bacteria, such as Haemophilus influenzae and Branhamella catarrhalis, that would otherwise be resistant (10, 15, 24 (21) . Calibration 111% for BAL fluid. The between-day precision (CV) and accuracy of the assay method were 5.5% (n = 6) and 107%, respectively, with plasma spiked with ampicillin (25 ,ug/ml) and 8.4% (n = 6) and 99%, respectively, with BAL fluid spiked with ampicillin (0.75 jig/ml). For determination of sulbactam in plasma and BAL fluid, the highly sensitive high-performance liquid chromatography assay described by Haginata et al. was used (12) . Sulbactam was extracted from acidified plasma (0.5 ml) and BAL fluid (2 ml) at pH 1.3 with ethyl acetate. After evaporation of the solvent, the product was reacted with 2 M 1,2,4-triazole solution at 50°C for 15 min in acetonitrile. Twenty microliters of the supernatant was then injected on a Spherisorb 5ODS reverse-phase column (25 cm by 4.6 mm; Chrompack). The mobile phase was a mixture of water-MeOH-acetonitrile (80:17:3) containing PicRA (0.005 M tetrabutylammonium phosphate) at 50°C at a flow rate of 1 ml/min. The detection wavelength was 326 nm. The calibration curves for sulbactam were linear over a concentration range of 0.25 to 25 ,ug/ml in 0.5-ml plasma samples and over a concentration range of 0.05 to 10 ,ug/ml in 2-ml samples of BAL fluid. The limits of detection were 0.2 and 0.04 ,ug/ml with 0.5-ml plasma and 2-ml BAL fluid samples, respectively. The within-day precision (CV) was between 3.3 and 7.7% (n = 5) for a concentration range of 0.25 to 25 jig/ml in plasma and between 2.3 and 9.9% (n = 5) for a concentration range of 0.05 to 10 jig/ml in BAL fluid.
Analytical recovery was between 95 and 105% for both fluids. The between-day precision (CV) and accuracy of the assay were 6.4% (n = 6) and 97.5%, respectively, with plasma spiked with sulbactam (10 ,ug/ml) and 6.8% (n = 6) and 99%, respectively, with BAL fluid spiked with sulbactam (0.5 jig/ml).
Urea assay. Urea in serum was determined by an enzymatic kinetic UV method using urease and L-glutamic dehydrogenase as previously described (11, 13) . The urea concentration in BAL fluid was determined by a modification of this method, increasing the sensitivity by increasing the sample volume. With this modification, linearity to at least 60 mg/dl was obtained. The sensitivity of this modified method for urea determination was tested on unconcentrated BAL fluid. The lowest detectable urea concentration which could be distinguished from zero with 95% confidence was 0.20 mg/dl. Between-run CVs of 9.86, 1.61, and 0.48% were obtained at urea concentrations of 0.50, 5, and 10 mg/dl, respectively (n = 10).
Calculations. To determine the exact concentrations of ampicillin and sulbactam in ALF, the dilutional effect of the instilled BAL fluid was accounted for. Urea diffuses readily throughout the body compartments so that the concentration of urea in serum and the local concentration of urea in ALF are identical. Urea was shown to be a good marker of dilution to quantify the apparent volume of ALF obtained by the BAL procedure (19) .
Thus, the concentration of both drugs in ALF can be calculated by using simple dilution principles: DrugBAL/ Fig. 1 . Low concentrations of both drugs were still present 8 h after the previous intravenous administration. The concentrations of both products in plasma rose sharply after intravenous administration of the combination of 2,000 mg of ampicillin and 1,000 mg of sulbactam, and maximal levels were found at the first sampling point, i.e., 30 min after the end of administration (Fig. 1) to the concentration of sulbactam was not significantly these diseases. The combination of ampicillin and sulbactam different between serum and ALF. There was also no has been reported to be clinically effective and safe for significant difference between the degrees of penetration of treatment of various infections of the lower respiratory tract ampicillin and sulbactam into ALF. (10, 26) . tract using sputum or bronchial secretions as the study material have been performed (3, 4, 16, 23 administration, but there was no corresponding increase in penetration into sputum (27) . The ratio between bronchial concentrations and simultaneous concentrations in serum usually ranged between 3 and 5%. Local vasodilation and increased vascular permeability, which are features of inflammation, increase the penetration of ampicillin into bronchial secretions (3, 16) . Single-dose oral administration of 750 mg of sultamicillin in four patients with chronic respiratory tract infections resulted in ranges of peak levels in sputum of 0.2 to 1.3 and 0.13 to 0.52 ,ug/ml for sulbactam and ampicillin, respectively. The ratio of concentrations in plasma to the concentrations in sputum ranged from 3.8 to 17.3 for sulbactam and from 2.1 to 3.8 for ampicillin (25) .
The main disadvantage of using sputum and bronchial secretions for determination of antibiotic concentrations is that the samples are pooled collections of secretions from the alveoli, the airway submucosal and mucosal glands, and the oral pharynx (17, 18) .
In view of the enormous surface of the alveolar-capillary membrane in contrast to the blood-bronchus barrier and the fact that the most important mechanism of transport of antibiotics across this membrane is passive diffusion across a concentration gradient, one may assume that antibiotic concentrations in the ALF more closely approximate concentrations in serum than do the concentrations in bronchial secretions (1, 27).
The best method to evaluate the concentrations of substances in the ALF is BAL. Using this technique necessitates the use of highly sensitive measuring techniques and a reference molecule (urea in our study) to calculate the dilutional effect of the instilled fluid (19) .
In our study, we showed that BAL is a valuable and promising technique for determination of the concentrations of antibiotics in the ALF, which is the site of infection in pneumonia. At 1 h after intravenous administration of ampicillin and sulbactam, at their peak concentration in serum, penetration ratios of 53 and 61%, respectively, were achieved. These percentages are much higher than the known penetration ratios in sputum and bronchial secretions. In two patients, the ratios of both drugs exceeded 100%, suggesting drug accumulation. The great interindividual variability of the penetration rate could be explained by individual variations in the degree of inflammation in the lower respiratory tract. In patients with bronchopneumonia, the penetration ratio tended to be higher than in those with bronchitis. The higher degree of interstitial inflammation in pneumonia is probably responsible for these findings. However, statistical analysis of the registered values was impossible in view of the limited number of patients.
Furthermore, an important finding in our study was that the ratio of the ampicillin concentration to the sulbactam concentration in serum was virtually identical to that in the ALF. This means that there will be a high enough concentration of P-lactamase inhibitor at the site of the bacterial infection.
The correlation between antibiotic concentrations in the ALF and the clinical and microbiological outcomes awaits further study.
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